As survival regulation is a key process in multiple myeloma biology, we have studied the Bcl-2 family proteins that can be regulated by three myeloma cell survival factors: interleukin-6 (IL-6), interferon-a (IFN-a) and insulin-like growth factor (IGF-1). Eleven myeloma cell lines, whose survival and proliferation are dependent on addition of IL-6, variably expressed 10 antiapoptotic or pro-apoptotic proteins of the Bcl-2-family. When myeloma cells from four cell lines were IL-6 starved and activated with IL-6 or IFN-a, we observed that only Mcl-1 expression was up-regulated with myeloma cell survival induction. Nor was obvious regulation of these 10 proapoptotic or anti-apoptotic proteins found with IGF-1, another potent myeloma cell survival factor. Our results indicate that the myeloma cell survival activity of IL-6 linked to Bcl-xL regulation cannot be generalized and emphasize that Mcl-1 is the main target of IL-6 and IFN-a stimulation. However, other changes in the activity of the Bcl-2 protein family or other apoptosis regulators must be identified to elucidate the IGF-1 action mechanism.
Introduction
Multiple myeloma is a B cell neoplasia characterized by the bone marrow accumulation of clonal malignant plasma cells. In the majority of patients, tumor cells do not proliferate or proliferate very slowly. 1, 2 Thus, a long survival of myeloma cells can explain the tumor growth.
Interestingly, normal plasma cells can also survive for several months in vivo. 3 Medullary stromal cells are probably critical in promoting this survival of normal or malignant plasma cells in vivo. Indeed, normal plasma cells generated in vitro rapidly die but medullary stromal cells can trigger their survival in vitro. 4 Malignant plasma cells from patients with chronic disease rapidly apoptose as soon as they are separated from stromal cells. 5 However, the survival factors produced by stromal cells are poorly identified. IL-6 and cytokines of the IL-6 family 6 ± 8 are important growth factors but are not sufficient to prevent apoptosis of purified myeloma cells. 5 IFN-a 9,10 and IGF-1 11 ± 13 are also myeloma cell survival factors.
Induction of apoptosis involves a family of death proteases, called caspases, which are activated in a proteolytic cascade to execute the cell death program. Caspase activation is controlled by a growing family of antiapoptotic and pro-apoptotic proteins (see Gross et al.
14 and Adams et al. 15 for review). These proteins possess one to four conserved motifs, called Bcl-2 homology domains (BH-1 to BH-4) and may form homo-or hetero-dimers. In numerous cells, the survival activity of growth factors is determined in part by the relative concentrations of pro-and anti-apoptotic Bcl-2-family members. The most widely studied anti-apoptotic proteins are Bcl-2 and Bcl-xL with four BH domains and a transmembrane domain that allows their location to the outer mitochondrial membrane. They are thought to regulate the permeability transition pore (PTP) and block both the mitochondrial exit of cytochrome c and the activation of procaspase 9 by APAF-1-cytochrome c complexes. Like Bcl-2, Mcl-1 has four BH domains and a transmembrane domain and may function as Bcl-2 and Bcl-xL, but this has yet to be proved.
14 Bag-1 does not belong to the Bcl-2-family proteins but has an antiapoptotic activity probably by increasing Bcl-2, Bcl-xL or Mcl-1 activity. 16 Bfl-1/A1 has four BH domains but no transmembrane domain. There are also numerous proapoptotic proteins. The most thoroughly studied are Bax and Bak, which have three BH domains and a transmembrane domain and are translocated to the mitochondrial membrane when an apoptotic signal is delivered. They are believed to deliver apoptosis by opening the PTP, thus affecting the electrical potential gradient of the mitochondria and favoring cytochrome c release. They can also dimerize with anti-apoptotic proteins, thus encouraging PTP to open and APAF-1 to activate. Roughly eight pro-apoptotic proteins have only a BH3 domain with or without a transmembrane domain. Bid and Bad are the most widely studied and are mostly competitors of anti-apoptotic proteins. a high expression of Bcl-2 in myeloma cells lines, in primary myeloma cells as well as in normal plasma cells. 17, 18 This high Bcl-2 expression in myeloma cells did not correlate with patient survival 19, 20 and even inversely correlated with the plasma cell proliferation in vivo. 21 IL-6, a major myeloma cell survival factor, did not affect Bcl-2 expression.
22 ± 24 Bcl-xL was also expressed in a majority of myeloma cell lines or primary myeloma cells. 20, 21 In the U266 and MDN myeloma cell lines, an increase in Bcl-xL expression was recently shown to be associated with myeloma cell survival induced by IL-6. 24, 25 However, IL-6 did not regulate Bcl-xL expression in the RPMI 8226 myeloma cell line although it blocked apoptosis induced by dexamethasone in this cell line. 26 Recently, Puthier et al. found that IL-6 regulated the Mcl-1 anti-apoptotic protein in the MDN IL-6-dependent cell line. 24 Among the proapoptotic proteins, Bax expression was documented in primary myeloma cells 20 and in myeloma cell lines. 22 Bad was weakly expressed in myeloma cell lines and its phosphorylation by IL-6 was not detected. 27 Finally, BclxS was not detected in myeloma cells. 20, 21 Study of the mechanisms controlling malignant plasma cell survival is limited by the difficulty in obtaining a sufficient number of tumor cells from patients. For this reason, the few studies dealing with this topic have used either cells or cell lines obtained from patients with terminal disease and extramedullary proliferation. From these patients, we obtained several myeloma cell lines whose survival and proliferation require adding exogenous IL-6. These cell lines very closely resemble the myeloma stem cells that are present in patients with terminal disease, as previously discussed. 28 Using these cell lines, we have shown that IFN-a is also a potent survival factor 9 and that IGF-1 is a survival and proliferation factor. 13 In the current study, we investigated the expression of 10 Bcl-2-family proteins in 11 myeloma cell lines whose survival requires adding an exogenous cytokine. We also studied how IL-6, IFN-a or IGF-1 regulates these various proteins in four cell lines. We report that Mcl-1 was the only one of the 10 Bcl-2-family proteins regulated by IL-6 and IFN-a. None of these 10 proteins was regulated by IGF-1.
Results
Comparative analysis of the survival activity of IL-6, IFN-a and IGF-1 on myeloma cells
We used myeloma cell lines whose survival and proliferation are dependent on addition of IL-6. In previous studies, we have shown that IFN-a 9 and IGF-1 13 are also survival factors for these cell lines. We used serum free culture conditions to avoid the confounding effects of IGF-1 and IGF-binding proteins present in serum and to compare the myeloma cell survival activity of IL-6, IFN-a and IGF-1. Detailed results of one representative experiment with the XG-13 HMCL are outlined in Figure 1 and the mean results of 3 ± 6 experiments obtained with four HMCL are displayed in (Figure 2) .
Thus, using annexin V staining, we found that 69% of the XG-13 cells were apoptotic after 1 day of culture without FCS and exogenous cytokines in the experiment outlined in Figure 1 . Adding IL-6 partially but significantly (P=0.011) protected from apoptosis (Table 1) . IFN-a and IGF-1 was as potent as IL-6 to reduce apoptosis ( Figure 1 and Table 1 , P=0.009 and P=0.001 respectively). Similar results were obtained with three other myeloma cell lines: XG-1, XG-2 and XG-6 ( Table 1 ). In previous papers we showed that the cytokine concentrations used here were optimal for inducing the survival of these myeloma cell lines and that no significant further protection was found when either IL-6 and IFN-a 9 or IL-6 and IGF-1 were added.
13

Expression of Bcl-2-family proteins in myeloma cells
In order to identify the anti-apoptotic and pro-apoptotic proteins potentially involved in the control of apoptosis, we investigated the expression of Bcl-2-family members in a panel of 11 IL-6-dependent myeloma cell lines harvested during the exponential growth phase. Figure 3A illustrates the results from Western blot analyses of anti-apoptotic proteins. For each cell line, the same amount of proteins were loaded per lane. All cell lines expressed a similar level of Mcl-1. Bcl-2 and Bcl-xL were variably expressed. Bcl-2 was weakly expressed in four out of the 11 cell lines (XG-1, XG-3, XG-7 and XG-14) and highly expressed in XG-5. Bcl-xL was weakly expressed in two cell lines (XG-3 and XG-13). Bag-1 was also detected in all cell lines at a variable level. Bfl-1/A1 was found in XG-12 only. Concerning the pro-apoptotic proteins ( Figure 3B ), Bax was weakly expressed in XG-1, XG-2, XG-5, XG-13 and XG-14. Bak and Bid were variably expressed by all cell lines excepted for XG-7, which was negative for Bid. Finally, Bcl-xS and Bad could not be detected in the 11 cell lines (results not shown).
Regulation of Bcl-2-family protein expression by IL-6, IFN-a or IGF-1
We investigated the proteins that were regulated by IL-6, IFNa or IGF-1. Cells were IL-6 and FCS starved for 1 h and stimulated by IL-6, IFN-a, IGF-1 or no cytokine for several hours. Detailed results for XG-6 are shown in Figure 4 . IL-6 and FCS starvation for 2 ± 24 h resulted in a progressive disappearance of Mcl-1 whereas the levels of Bcl-xL and Bcl-2 were not reproducibly affected in three separate experiments. This Mcl-1 disappearance was associated at 6 and 24 h with an increased percentage of annexin V positive cells, whereas the myeloma cell count remained constant and the percentage of viable cells as assayed by trypan blue In these experiments, actin expression was used as a loading control for cells cultured for the first 6 h since its expression remained stable. However, a decrease in actin expression was detected after 24 h of culture with no cytokine, which fits its identification as a caspase target. 30 Accordingly, we used MAPK (ERK1 and ERK2) expression as a loading protein control for experiments shown in Figure 4 because its expression did not vary with the level of apoptosis. Results obtained with XG-6 were further confirmed with three other cell lines (XG-1, XG-2 and XG-13).
As shown in Figure 5 , Mcl-1 expression is highly and rapidly regulated in the myeloma cell lines by the two myeloma survival factors, IL-6 and IFN-a, whereas Bcl-xL levels were not significantly affected. As for the XG-6 cells IFN-a slightly increased Bcl-2 in XG-1 cells and IGF-1 did not affect the levels of Mcl-1, Bcl-2 or Bcl-xL in XG-1 and XG-2 HMCLs. A slight up-regulation of Mcl-1 by IGF-1 was found in XG-13 cells in one experiment ( Figure 5) ; however, this was not reproducible in two other separate experiments.
This lack of Bcl-xL regulation by IL-6 or IFN-a contradicts previous studies suggesting that IL-6 may promote myeloma cell survival by up-regulating Bcl-xL expression in the U266 25 or the MDM 24 myeloma cell lines. In our experiments we used serum-free culture conditions. However, we also found that only Mcl-1 and not Bcl-xL was reproducibly increased by IL-6 when myeloma cells were IL-6 and FCS starved and then cultured with FCS ( Figure 6 ). FCS alone increased Mcl-1 expression ( Figure  6 ) in agreement with its myeloma cell survival activity Figure 7 , IL-6 starvation induced apoptosis in myeloma cells and accordingly to our previous results in serum-free culture conditions, we found a strong decrease in Mcl-1 expression following IL-6 withdrawal that was abolished by adding IL-6. On the contrary, we found no decrease or increase of Bcl-xL levels. Same results were obtained with the XG-1 and XG-2 myeloma cell lines in long-term culture conditions (96 h, results not shown). Finally, to confirm the lack of Bcl-xL regulation by either IL-6 or IFN-a, we used a second different anti-Bcl-xL antibody that yielded similar results (results not shown). In addition, we checked that these two antibodies specifically recognized recombinant Bcl-xL (results not shown).
For the pro-apoptotic proteins, we found no regulation or induction of Bax, Bak (Figure 4) , Bid, Bcl-xS and Bad expression (results not shown).
Differential activation of Stat3 by IL-6, IFN-a and IGF-1
We previously reported that IL-6 and IFN-a, unlike IGF-1, activated Stat3 in XG-1 and XG-2 cell lines. 9, 13 We confirmed in the present study that Stat3 was rapidly phosphorylated after activation by IL-6 and IFN-a in two other cell lines, XG-6 and XG-13 ( Figure 8 ). Stat3 phosphorylation lasted for more than 6 h. As expected, IGF-1 did not induce Stat3 phosphorylation in these two cell lines (Figure 8 ). However, IL-6, IFN-a and IGF-1 induced ERK1 and ERK2 phosphorylation.
Discussion
As the survival regulation of tumor cells is a key process in multiple myeloma biology, the aim of the current study was to identify the anti-apoptotic and pro-apoptotic proteins of Bcl-2-family proteins that were regulated in myeloma cells by three survival factors: IL-6, IFN-a and IGF-1. We used myeloma cell lines whose survival and proliferation are dependent on addition of exogenous growth factors. 28 We used serum-free culture conditions to avoid the interference of serum proteins with these growth factors, in particular the IGF binding proteins. In addition, FCS contains unidentified survival factors that might mask the effect of recombinant cytokines. In serum-free culture conditions, the level of apoptosis was more or less marked depending on the cell lines and on various parameters such as initial cell count and viability. Apoptotis was measured by the binding of annexin V due to the exposure of phosphatidylcholine outside the cell. Sorting the annexin V + and annexin V 7 cells and staining DNA with propidium iodide, the annexin V 7 cells were proved to have the DNA profile of viable cells, unlike annexin V + cells. We also . For all the cell lines, adding IL-6, IFN-a or IGF-1 significantly reduced the apoptosis and the effect was even more pronounced after 24 h of culture. The three cytokines yielded a significant level of survival and had no additive survival effects when combined. We investigated 10 proteins of the Bcl-2 family that were expressed in a panel of 11 myeloma cells during exponential growth. Bcl-2, Bcl-xL and Mcl-1 anti-apoptotic proteins were detected in all cell lines. Their expressions varied according to the different cell lines, except for Mcl-1, and did not statistically correlate with each other. Bag-1 was also detected in all cell lines. Bf1-1/A1 expression in only one out of 11 cell lines is noteworthy because earlier studies have shown the association of Bfl-1/A1 expression with the survival of murine plasma cells. 31 We also looked for the expression of anti-apoptotic proteins. Bak and Bax were variably expressed in all cell lines, the latter weakly expressed in five cell lines. We detected Bid in 10 out of 11 cell lines. Bad was not detected, which may be attributed to its usual very low expression in myeloma cells. 27 As the susceptibility to apoptosis is determined in part by the relative concentrations of pro-and anti-apoptotic Bcl-2-family members, we studied their fluctuation in four myeloma cell lines induced into apoptosis after withdrawal of survival factors. We also studied their fluctuation when cells were rescued from apoptosis by adding three different survival factors: IL-6, IFN-a or IGF-1. In the four cell lines, Mcl-1 was the only anti-apoptotic protein whose expression dramatically decreased when cells were IL-6 starved. Removal of cytokines did not reproducibly affect the expression of other anti-apoptotic proteins (Bcl-xL, Bcl-2, Bag-1); nor did this affect the expression of the proapoptotic proteins Bax, Bak or Bid. Bad remained undetectable when cells underwent apoptosis. Adding IL-6 or IFN-a up-regulated Mcl-1 expression without affecting the expression of other anti-apoptotic or pro-apoptotic members. Interestingly, adding IGF-1, as potent a survival factor as IL-6 or IFN-a, did not induce Mcl-1 expression nor affect the other Bcl-2 members. Using four cell lines whose survival depends strictly on adding exogenous cytokines, we failed to confirm previous results obtained with the MDN IL-6-dependent myeloma cell line, showing that Bcl-xL was up-regulated by adding IL-6. 24 In the U266 cell line, a blockage of Stat3 by a dominant-negative Stat3 induces apoptosis in association with a decrease in Bcl-xL expression. 25 To rule out a technical artefact, this lack of Bcl-xL regulation was confirmed with a second anti-Bcl-xL antibody. We checked the specificity of these antibodies by immunoblot using the recombinant Bcl-xL protein.
Another possibility to explain the lack of Bcl-xL regulation is that, contrary to Puthier et al., 24 we used serum-free culture conditions to comparatively study the effects of IL-6, IFN-a and IGF-1. Indeed Bcl-xL has a longer half-life compared to Mcl-1 and the duration of IL-6 withdrawal can be too short to get a Bcl-xL down-regulation. However, we also found no Bcl-xL down-regulation when myeloma cells were starved of IL-6 and cultured with FCS for 96 h whereas a great fraction of myeloma cells apoptosed. Addition of IL-6 did not result in Bcl-xL up-regulation. In agreement with our findings in serum-free conditions, we found that Mcl-1 was decreased after Il-6 withdrawal and increased after IL-6 addition in these long-term culture experiments. Thus, a change in the Bcl-xL level when myeloma cells are induced to survive with IL-6 is not a common characteristic and may be restricted to particular cell lines. On the other hand, the Mcl-1 level appears to be strongly regulated by IL-6 but also by IFN-a in all the cell lines we have studied so far. Previous studies have shown that Mcl-1 expression was correlated with the survival of normal B lymphocytes 32 or neutrophils. 33 Transfection of Mcl-1 cDNA in hematopoietic cells makes it possible to promote their survival in culture conditions favoring apoptosis. 34 Increased survival of hematopoietic and lymphoid cells was found in Mcl-1 transgenic mice. In addition, myeloid cell lines were obtained from these Mcl-1 transgenic mice. A common transduction pathway induced in myeloma cell lines by IL-6 and IFN-a is the activation of JAK kinases and tyrosine phosphorylation of STAT factors, mainly Stat3. 36, 37 We have extended our previous observations 9 and show that IL-6 and IFN-a induced Stat3 phosphorylation in the four cytokine-dependent cell lines studied here. Stat1 was inconsistently found phosphorylated in myeloma cell lines after IL-6 or IFN-a activation, in agreement with Figure 4 Regulation of Bcl-2-family protein expression by IL-6, IFN-a or IGF-1 on XG-6 myeloma cells. XG-6 myeloma cells were IL-6 and FCS starved for 1 h and cultured for 2, 6 and 24 h with no cytokine (Co), 2 ng/ml IL-6 (IL-6), 200 U/ml IFN-a (IFN-a) or 100 ng/ml IGF-1 (IGF) in RPMI1640 and 1% BSA. At the end of the culture, the cell count and the percentage of viable cells were assayed by trypan blue exclusion. The percentages of apoptotic cells were determined by staining with FITC-annexin V. Cells were immediately lysated and assayed for Bcl-2-family protein expression using Western blot analysis. The amount of proteins was carefully determined and 25 mg of total proteins from each culture group were loaded on the gel. In the experiments, MAPK expression was used as loading protein control because it was not affected by the level of apoptosis. Western blots are for one representative experiment out of three
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Bcl-2-family proteins in myeloma cells M Jourdan et al previous observations. 9, 38 It was recently shown that blocking JAK activity and/or Stat3 activation by tyrphostin AG490 or a Stat3 mutant induced U266 cells to apoptosis in association with a down-regulation of Bcl-xL. 25 In the MDM myeloma cell line, blocking JAK activation by tyrphostin AG490 also blocked Mcl-1 induction by IL-6. 39 We have recently shown that inhibiting JAK2 and JAK1 activation by tyrphostin AG490 induced a strong apoptosis in the IL-6-dependent myeloma cell lines used in the current study, in association with a blockage of Stat3 activation and ERK2 activation. 40 These studies argue that the myeloma cell survival activity of IL-6 or IFN-a is linked to JAK/Stat pathway activation, yielding an up-regulation of Mcl-1 or Bcl-xL expression depending on the myeloma cell line.
The myeloma cell survival activity of IGF-1 is not associated with an up-regulation of Mcl-1 or of other antiapoptotic proteins, a finding consistent with its lack of JAK/ Stat pathway activation. These results are in agreement with our previous findings, showing that the myeloma cell survival factor activity of IGF-1 is not linked to gp130 IL-6 transducer activation through stimulation of an autocrine gp130 cytokine. 13 IGF-1 is known to activate the Ras/MAP kinase and PI-3 kinase pathway in several cell lines; however, in preliminary experiments we failed to inhibit its survival activity by adding wortmannin, a PI-3 kinase inhibitor or PD098059, a MAPK kinase inhibitor (results not shown). Apoptosis is not regulated only by the relative levels of the anti-apoptotic and pro-apoptotic proteins but also by their phosphorylation or activation of other apoptosis effectors. In addition, all the members of the Bcl-2 family have not been studied here due to the lack of commercially available reagents. As IGF-1 is present in high amounts in the bone marrow, the tissue in which myeloma cells develop, the understanding of the mechanisms involved in the survival activity of IGF-1 requires further study.
Materials and Methods
Cytokines and antibodies
Purified human recombinant IL-6 was kindly provided by Sandoz Forschunginstitut (Vienna, Austria) and human recombinant IFN-a-2b by Schering Plough (Dardilly, France). Recombinant purified IGF-1 was purchased from R&D (Minneapolis, MN, USA), monoclonal anti- IFN-a (IFN-a) or 100 ng/ml IGF-1 (IGF) in RPMI1640 and 1% BSA. Western blots are for one representative experiment out of 2 ± 4, depending on the cell line Figure 6 Mcl-1 and not Bcl-xL regulation by IL-6 in FCS culture conditions. XG-1 myeloma cells were processed as indicated in the legend of Figure 4 . Results are Mcl-1 and Bcl-xL protein expression using Western blot analysis after 2 or 6 h of culture with no cytokine (Co), 2 ng/ml IL-6 (IL-6), 10% FCS or 2 ng/ml IL-6 and 10% FCS (IL-6+FCS). Western blots are for one representative experiment out of three IFN-a (IFN-a) or 100 ng/ml IGF-1 (IGF) in RPMI1640 and 1% BSA. Stat3 phosphorylation was analyzed by Western blot after 6 h of culture using phospho-specific Stat3 antibody (P-Stat3), ERK1 and ERK2 phosphorylation after 15 min of culture using phospho-specific MAPK (P-MAPK). Blots were then stripped and reprobed for Stat3 or total MAPK. Western blots are for one representative experiment out of three 28 Their growth is dependent upon addition of exogenous IL-6, as does the growth of primary cells. Cells were free of mycoplasma contamination as assayed using the Boehringer Mannheim kit of detection (Mannheim, Germany).
Culture of myeloma cells
The HMCLs were routinely cultured with 2 ng/ml of IL-6 in RPMI 1640 supplemented with 10% fetal calf serum (FCS) and 5610 75 M 2-mercaptoethanol. In order to comparatively investigate the mechanisms involved in the myeloma cell survival activity of IL-6, IFN-a or IGF-1, we used serum-free culture conditions to avoid the confounding effects of IGF-1 and IGF binding proteins present in serum. Therefore, the HMCLs were washed twice, cultured for 1 h in RPMI1640 supplemented with 1% bovine serum albumin (BSA, Sigma) and washed once again. Cells were then cultured at a concentration of 2610 5 cells/ml in RPMI1640, 1% BSA with either no cytokine, IL-6 (2 ng/ml), IFN-a (200 U/ml) or IGF-1 (100 ng/ml) for 2, 6 and 24 h. In other experiments, myeloma cells were starved of IL-6 for 24 h in presence of FCS (RPMI1640+10% FCS), washed twice and cells were cultured with FCS with or without IL-6 (2 ng/ml) for 24, 48, 72 or 96 h at a concentration of 2610 5 cells/ml.
Assays for detection of apoptotic cells
Apoptotic cells were detected by using fluorescein isothiocyanatelabeled annexin V (FITC-annexin-V, Boehringer Mannheim). Annexin V has a high affinity for phosphatidylserine present on the outer cytoplasmic membrane of apoptotic cells. 29 Cells were washed, labeled with FITC-annexin-V according to the manufacturer's recommendations and analyzed with a FACScan flow cytometer using Cell Quest software (Becton Dickinson, Mountain View, CA, USA). In one experiment, annexin V + and annexin V 7 cells were sorted using a Vantage cell sorter (Becton Dickinson) and the cell cycle was analyzed by propidium iodide-DNA staining as previously described. 41 
Western blot analysis
Cells were lysated in 10 mM Tris-HCl (pH 7.05), 50 mM NaCl, 50 mM NaF, 30 mM sodium pyrophosphate (NaPPi), 1% Triton X-100, 5 mM ZnCl 2 , 100 mM Na 3 VO 4 , 1 mM DTT, 20 mM b-glycerophosphate, 20 mM p-nitrophenolphosphate (PNPP), 2.5 mg/ml aprotinin, 2.5 mg/ml leupeptin, 0.5 mM PMSF, 0.5 mM benzamidine, 5 mg/ml pepstatin and 50 nM okadaik acid. The protein content of each lysate was quantified using the bicinchoninic acid kit (Sigma). Aliquots containing 50 mg of total protein were resolved in 12% sodium dodecyl sulfatepolyacrylamide by gel electrophoresis (SDS ± PAGE) and transferred to a nitrocellulose membrane (Schleicher and Schuel, Dassel, Germany). Membranes were blocked for 2 h at room temperature in 140 mM NaCl, 3 mM KCl, 25 mM Tris-HCl (pH 7.4), 0.1% tween 20 (TBS-T), 5% non-fat milk), then incubated for 1 h at room temperature with primary antibodies. The primary antibodies were visualized with goat anti-rabbit (Sigma) or goat anti-mouse (Biorad SA, Yvry Sur Seine, France) peroxydase-conjugated antibodies (at 1 : 10 000 dilution in TBS-T) using an enhanced chemiluminescence detection system. The membranes were stripped twice with 100 mM Glycin, pH 2.2, 0.1% NP 40 and 1% SDS for 30 min at room temperature. Blots were quantified by densitometry using acquisition into Adobe Photo Shop (Apple, Cupertino, CA, USA) and analyzing by the NIH Image softwares (National Institutes of Health, Bethesda, MD, USA). In the case of the experiments performed with exponentially growing cell lines, the level of protein expression was normalized according to b actin expression.
Statistical analysis
The mean percentages of apoptotic cells in the culture groups with cytokines were compared to corresponding control groups and the statistical significance was evaluated by using the Student t-test for pairs. To look for a correlation of Bcl-2-family protein expression among the various myeloma cell lines, the non-parametric Spearman correlation test was used.
